Apigenin and its two new glycosides namely apigenin-5-O-β-D-glucopyranosyl-(2→1)-α-L-rhamnopyranoside and apigenin-5-O-β-D-(6″-acetylglucopyranosyl-(2→1)-α-L-rhamnopyranoside have been isolated and characterized from the needles of Cephalotaxus harringtonia var. harringtonia.
The phytochemistry of the genus Cephalotaxus has evoked a great deal of interest due to the presence of several alkaloids which exhibited antitumor activity [1, 2] . Previous phytochemical reports on Cephalotaxus harringtonia var. harringtonia revealed the presence of alkaloids and biflavonoids as major constituents [3] [4] [5] [6] . In this paper, we report the isolation and characterization of apigenin (1) and two new apigenin glycosides (2 and 3) from the methanol extract of its needles.
Chromatographic resolution of the methanolic extract of the needles of C. harringtonia var. harringtonia yielded three compounds (1) (2) (3) . Compound 1 was characterized as apigenin by spectral data [7, 8] . Compound 2 and 3 (Figure 1 ) were identified using spectroscopic methods UV, IR, 1D NMR, 2D NMR (COSY, HMQC, HMBC) and MS. Compound 2 and 3 showed positive Molisch and Shinoda tests. UV spectral data of compound 2 with the usual shift reagents before and after hydrolysis were typical for a 5-O-glycosylated flavone [9] . Acid hydrolysis followed by chromatographic comparison with authentic samples showed the presence of apigenin, glucose and rhamnose. The ESI mass spectrum of 2 showed a protonated molecular ion peak at m/z 579 which was consistent with the molecular formula C 29 H 30 O 14 for an apigenin diglycoside. The apigenin skeleton was further confirmed by comparison of the 1 H and 13 C NMR signals of 2 with reported values [8] .
Two proton signals represented by a doublet at δ 5.29 (d, J = 6.4 Hz) and a singlet, integrating for one proton at δ 5.19 are characteristic of the anomeric protons of a β-D-glucosyl [9] and an α-L-rhamnosyl moiety confirming the presence of two hexose units. This finding is evidenced by the DEPT spectrum which revealed the presence of 12 carbon signals, of which two represent anomeric carbon signals at δ 99.6 and 97.9, eight methine carbon signals in the region δ 68.5 -77.0, an oxymethylene carbon signal at δ 66.0 and a methyl signal at δ 18.8. The complete assignments of the sugar moieties were achieved by HMBC correlation. The upfield shift of 4 ppm observed for C-5 and the downfield shift of 0.2 ppm in C-6, confirms glycosylation at position 5, which was again confirmed from the 3 J correlation between the H-1 anomeric proton of the glucose at δ 5.29 and C-5 of apigenin at δ 158.8.
The interglycosidic linkage in 2 was determined as 2→1 from the HMBC correlation (Figure 2 ) between H-1″′anomeric proton of the rhamnose at δ 5.19 and the C-2″ carbon signal of glucose at δ 76.9. Thus, 2 could be identified as apigenin The positive FAB mass spectrum of compound 3 showed peaks at m/z 643 (M + +Na), consistent with molecular formula C 29 H 32 O 15 . UV spectral data obtained with the usual shift reagents before and after hydrolysis of 3 were similar to 2 and typical for a 5-O-glycosylated flavone [9] . Compound 3 on hydrolysis gave apigenin, glucose and rhamnose. The 1 H and 13 C NMR data of 3 correlated well with those of 2, except for some signals (C-5, C-6, H-6 a and H-6 b ) of the glucose moiety. The appearance of two extra carbon signals at δ 20.5 and 170.7 in the 13 C NMR spectrum and a sharp singlet at δ H 1.88 integrating for three protons indicated the presence of an acetyl group. The downfield shift of H-6 a ″ and H-6 b ″ together with the downfield shift of C-6″ and the slight upfield shift of C-5″ indicated that acetyl moiety was bound to C-6″-OH [10] .
Acetylation of a sugar hydroxyl group shifts the signal of the carbon bearing the hydroxyl by about +2 ppm and those of the adjacent carbon atom by about -2 ppm. In 2 the hydroxyl group at C-6″ is unsubstituted and resonates at δ 60.9 while in 3 C-6″ it resonates at δ 63.7. Similarly, C-5″ in 2 resonates at δ 77.0 and in 3 it resonates at δ 71.5 [11] . This confirms the presence of the acetyl group at C-6″ on the glucose moiety. Moreover the positive FAB-MS of compound 3 showed the molecular ion [M+H] + at m/z 621 accounting for the presence of apigenin, monoacetylated glucosyl and rhamnopyranosyl units (269 + 204 + 147).
On alkaline hydrolysis, 3 afforded a product which had the same R f value as that of 2 on TLC. The acetates of 2 and 3 were found to be identical (co TLC, mmp, superimposable IR spectra). On the basis of above spectral evidence, compound 3 was characterized as apigenin-5-O-β-D-(6″acetylglucopyranosyl-(2→1)-α-L-rhamnopyranoside.
Apigenin has been shown to have antioxidant, anti-cancer, antibacterial, antifungal, antiviral, anti-HIV, anticaries, antiplaque, anti-inflammatory, antispasmodic, anxiolytic, antidepressant and sedative activities [12] [13] [14] [15] [16] [17] .
Experimental
General: Melting points were uncorrected. UV spectra were taken in MeOH on a CHEMITO 2500 spectrophotometer. IR spectra were run in Nujol on a JASCO FT/IR 5300 spectrophotometer. Optical rotations were determined on an AUTOPOL II, automatic digital polarimeter. All NMR experiments were performed on Bruker spectrometer (500 MHz). Acme Silica gel 100-200 mesh was used for column chromatography. The spots on Acme Silica gel G TLC plates were visualized by spraying the plates with 5% H 2 SO 4 solution followed by heating. (11) 2007 1115 extracts respectively. The methanolic extract (10 g) was macerated with benzene followed by ethyl acetate. The insoluble portion (8 g) of the methanolic extract was column chromatographed over silica gel and eluted with CHCl 3 -MeOH mixtures. Elution of the column with CHCl 3 -MeOH (9:1 and 4:1) yielded compound 1 (80 mg) and 2 (170 mg), respectively.
The methanol extract (28 g) was suspended in water and filtered. The aqueous methanolic extract was partitioned between ethyl acetate and n-butanol. The n-butanol soluble fraction (4.5 g) was subjected to column chromatography over silica gel with chloroform-methanol as the eluent. Fractions obtained on elution of the column with chloroformmethanol (21:4) were pooled and rechromatographed. Elution of. the column with chloroform-methanol (17:3) yielded compound 3 (95 mg). 
Hydrolysis of 2:
Compound 2 (60 mg) was treated with 2.0 ml of Killiani mixture and heated for 30 minutes at 80-90º C. The reaction mixture was cooled and extracted with n-butanol. The organic layer was washed with water and dried over anhydrous sodium sulphate. The solvent was distilled off at reduced pressure and the aglycones crystallized with methanol-chloroform. The aqueous mother liquor was neutralized with barium carbonate and filtered. The filtrate was evaporated under reduced pressure and taken up in 25% aqueous methanol and subjected to PC (butanol-pyridine-water, 6:4:3) The chromatogram was sprayed with aniline hydrogen phthalate followed by heating at 110ºC for 5 minutes. The sugars were identified after comparison with authentic samples. 
Hydrolysis of 3:
Compound 3 (20 mg) was subjected to acid hydrolysis as described for 2 to give the aglycone and a sugar fraction. PC analysis of the sugar fraction in the same solvent system as in the case of 2 showed the presence of D-glucose and L-rhamnose.
